The pathogenesis of atherosclerosis has not been fully clarified. This arterial disease is characterized by smooth muscle cell proliferation, cholesterol deposition, and accumulation of monocyte-derived macrophages and T lymphocytes. The development of atherosclerosis has been proposed to be a result of an excessive inflammatory fibroproliferative response to various forms of insult to the endothelium and smooth muscle of the arterial wall (1) . Although numerous growth factors, cytokines, and vasoreactive molecules have been considered to be involved in this complex process, the exact mechanisms by which proliferation of smooth muscle cells and lipid accumulation in macrophages are mediated are still unclear.
Familial hypercholesterolemia (FH) , one of the most common genetic diseases in humans, is characterized by an elevated concentration of low density lipoprotein (LDL) and deposition of LDL-derived cholesterol in tendons, skin, and arteries. The primary defect in FH is a mutation in the gene encoding the receptor for plasma LDL (2) . Watanabe heritable hyperlipidemic (WHHL) rabbits, an animal model of FH, have severe hypercholesterolemia, cutaneous xanthomas, and fulminant atherosclerosis caused by a deficiency of LDL receptor (3, 4) : WHHL rabbits are homozygous for a mutant allele for the LDL receptor. The mutant LDL receptor in WHHL rabbits has an in-frame deletion of 12 nucleotides that eliminate four amino acids from the cysteine-rich binding domain of the LDL receptor (5) . This mutation impedes transportation of the receptor to the cell surface at only 1/10th the normal rate (6) . In the aortas of WHHL rabbits, small foci of intimal thickening containing lipid and lipid deposition are detected at 2-3 months, numerous visible lesions develop gradually between 4 and 15 months, and severe atherosclerotic lesions are detectable at 15-35 months of age (3, 7) .
Using WHHL rabbits, we have been isolating cDNAs for mRNAs that are highly accumulated in atherosclerotic lesions. In previous studies, we have isolated cDNAs for matrix Gla
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protein and lysosomal membrane antigen CD63 from WHHL rabbit aortas (8, 9) . Analysis of matrix Gla protein and CD63 antigen mRNAs by Northern blotting revealed that the expression of these two mRNAs in aortas of WHHL rabbits is markedly increased during the progression of atherosclerosis, and in situ hybridization with specific antisense oligonucleotides showed that they accumulate in atherosclerotic lesions in WHHL rabbits (8, 9) .
Further screening of a WHHL rabbit aortic cDNA library by differential hybridization revealed a cDNA encoding immunoglobulin K light chain.I Here we describe the accumulation of mRNAs for IgG in the aortas of WHHL rabbits during atherosclerosis. We also describe the presence of plasma cells in atherosclerotic lesions.
MATERIALS AND METHODS Animals. Homozygous WHHL rabbits (3-30 months old) and Japanese white rabbits (3-30 months old) were kindly supplied by Japan Laboratory Animal (Tokyo) and fed on a standard rabbit diet (CLEA Japan, Tokyo). All rabbits were exposed to 12 h of light (6 a.m. to 6 p.m.) and 12 h of darkness (6 p.m. to 6 a.m.) daily for 2 weeks before use.
General Methods. Standard molecular biology techniques were performed essentially as described by Sambrook et at (10) . Nucleotide sequences were determined by the dideoxynucleotide chain-termination method (11) using M13 primers T7 and T3 or specific internal primers. Sequence reactions were performed using Taq DNA polymerase with fluorescently labeled nucleotides on an Applied Biosystems DNA sequencer (model 373A). Northern Blot Analysis. Total cellular RNA was isolated from solid organs by the guanidinium thiocyanate/CsCl centrifugation procedure (12) . Total RNA (5 ,ug) denatured with glyoxal was subjected to electrophoresis on a 1.5% agarose gel and transferred to a nylon membrane for hybridization. Blot hybridization was carried out with either double-stranded 32p_ labeled probes primed with random hexanucleotides (13) The thermal profile used was 94°C for 30 s, 55°C for 1 min, and then 72°C for 2 min. After 33 cycles, the PCR products were loaded onto a 5% polyacrylamide gel. A major reaction product was eluted from the gel and subcloned into pBluescript vectors for sequencing.
In Situ Hybridization. In situ hybridization was carried out with rabbit immunoglobulin y heavy-chain-specific oligonucleotides as described (8) . Aortas were obtained from 3-and 17-month-old WHHL and 3-month-old normal rabbits. The tissue specimens were fixed in phosphate-buffered saline (PBS) containing 10% formaldehyde for 48 h at 4°C. The specimens were then embedded in paraffin, sectioned at 2.5 pum, and placed on glass slides. Oligonucleotides used for the in situ hybridization were 50-mers with the following sequences: sense primer, 5'-ATGGTACATAAACAACGAG-CAGGTGCGCACCGCCCGGCCGCCGCTACGGG-3'; antisense primer, 5 '-CCCGTAGCGGCGGCCGGGCGGT-GCGCACCTGCTCGTTGTTTATGTACCAT-3'. The oligonucleotides were labeled at the 3' end with cytidine Immunohistochemistry. Aortas from WHHL and normal rabbits were fixed in PBS containing 10% formaldehyde for 48 h at 4°C. The specimens were then embedded in paraffin, sectioned at 2.5 Am, and placed on glass slides. The sections were placed in methanol containing 0.3% hydrogen peroxide for 30 min to block endogenous peroxidase activity and then treated with 1% normal goat serum for 40 min at room temperature. After (Fig. 1) . Comparison of the amino acid sequence deduced from the nucleotide sequence of the cDNA with those in the data base of the National Biomedical Research Foundation identified it as that of a rabbit immunoglobulin K light chain of allotype b4.
The isolation of immunoglobulin K light-chain cDNA from WHHL rabbit aortas was unexpected and suggested the accumulation of B lymphocytes or plasma cells in atherosclerotic lesions in WHHL rabbits. To test this possibility, we analyzed the levels of the K light-chain mRNA in the aortas of WHHL and normal rabbits by Northern blotting. Consistent with the isolation of the K light-chain cDNA by differential hybridization screening, extremely high levels of the mRNA were detected in the aortas of WHHL rabbits but not in those of normal rabbits (Fig. 2A) . The mRNA was detectable in the aortas of 2-month-old WHHL rabbits and increased steadily with advancing age; the mRNA levels in 22-and 30-month-old WHHL rabbits were >100-fold higher than those at 2 months (Fig. 2B ). There was a significant correlation between the aortic levels of K light-chain mRNA and aging in WHHL rabbits (r = 0.91; P < 0.01) (Fig. 2B) . We also analyzed the mRNA in heterozygous WHHL rabbits that develop no hypercholesterolemia or atherosclerosis, but we could not detect the mRNA in their aortas (data not shown). Although we could not quantify the lesion-covered areas of the aortas in WHHL rabbits because of rapid disruption of the tissues to prepare intact RNA, the pattern of immunoglobulin K lightchain mRNA expression is closely correlated with the development of atherosclerosis in WHHL rabbits (3, 7) .
In the next experiment, we determined the class of immunoglobulin in aortas of WHHL rabbits. Three antisense oligonucleotide probes specific to the constant regions of a, 'y, and pu chains were used for Northern blot analysis. The 2.4-kb mRNA for ry heavy chain was detected in the aortas of WHHL rabbits when the y heavy-chain-specific oligonucleotide was used as a probe (Fig. 3) To exclude the possibility that the mRNAs for IgG were overexpressed in the whole body of WHHL rabbit due to infection, the levels of K light-chain mRNAs in other tissues of WHHL rabbits were compared with those of normal rabbits. The levels of K light-chain mRNA in spleen and mesenteric lymph nodes of WHHL and normal rabbits were not altered significantly, as revealed by Northern blot analysis (Fig. 4) . To localize the IgG-producing cells in atherosclerotic lesions of WHHL rabbits, we carried out in situ hybridization with sense or antisense oligonucleotide probes for rabbit y heavychain mRNA. With the antisense oligonucleotide, cells expressing y heavy-chain mRNA were detected in the intima of advanced lesions of WHHL rabbit aorta (Fig. 5 B and C) , whereas no signal was detected by the sense oligonucleotide (Fig. SA) . IgG-positive cells were not detectable in aortas of normal rabbits (Fig. SE) . Although we detected the mRNA in aortas of 2-to 3-month-old WHHL rabbits by Northern blotting, we could not detect the mRNA-producing cells by in situ hybridization (Fig. SD) The presence of increased numbers of plasma cells in atherosclerotic lesions is unexpected but not altogether surprising because increased numbers of T lymphocytes are also detectable in atherosclerotic lesions in humans and in cholesterol-fed rabbits (21, 22) . The presence of plasma cells together with T lymphocytes and macrophages in atherosclerotic lesions suggests that an immunological reaction is involved during the progress of atherosclerosis.
